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For the past thirty years, pentachlorophenol (PCP) has been used extensively
as a herbicide, fungicide and insecticide, mainly for the preservation of wood and
wood products. According to Erstand' over 40,000 tons of PCP are being used
annually in the U.S.A. This extensive use has caused concern among many in our
pollution-conscious society mainly because of the toxic properties of this chemical
and because of the environmental problems with other chlorinated and brominated
compounds. .

It has long been known that PCP is a toxic agent not only to the wood destroy-
ing organisms, but also to human beings and other animals®*, Unfortunately there is
still a considerable amount of controversy over the amount of residual PCP in the
environment, the rate of biodegradation and the long terme effects of this material
on animals.

Unligil*, Cserjesi®~ and others®? have identified naturally occurring rot fungi
which are capable of detoxifying PCP. Other studies have shown that sunlight can
degrade PCP'%:1, On this basis it has been assumed that PCP is not persistent in the
eavironment but is readily degradable in both water and soil.

Whether or not this is the case has yet to be decided. Other researchers have
found substantial amounts of PCP in the environment. Crammer and Freal'? found
PCP in the range of 2.2 to 10.8 ppb (10°) in the urine of humans whom they con-
sidered to be representative of the general population. According to Bevenue et al.®
PCP is also present in municipal water supplies, wells and paints. Recent studies
by Buhler et al* also confirmed the presence of PCP in municipal sewage, river
water and treated river water.

Efforts are being made by the Environmental Protection Agency to control
the amount of PCP being expelled into the environment by wood-treating industries.
In order to do this, reliable and relatively simple methods for analysis are needed.
The colorimetric procedures, which are used for PCP analysis'®, will also give similar
color reactions with many other phenolic compounds. Column and thin-layer tech-
niques have also been developed for separating PCP'5-15, However, these methods
are not suitable for low-level analysis of PCP. The best method for determining PCP
is conversion into the methyl ether followed by analysis using gas chromatography
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(GC) with an electron-capture detector, or GC coupled with mass spectrometry
(MS)'®. Both of these methods require an extensive amount of pre-treatment and
highly trained personnel for the operation of the equipment!#.29.21,

The objective of this study was to develop a high-performance liquid chro-
matographic (HPLC) method for determining low concentrations of pentachloro-
phenol. Technical-grade PCP, which is the grade most commonly used in the wood
treating industry, is only about 85-909, PCP. The other major component is 4~-8 %/
2,3,4,6-tetrachlorophenol. Besides the major components, there are also traces of
mono-, di- and trichlorophenols, octa-, hepta- and hexachlorodibenzo-p-dioxins,
and a variety of other polychlorinated aromatic compounds'*. Consequently any
HPLC method which is developed must be capable of separating not only the pro-
ducts which come from the wood treating process (e.g. hydrocarbons and wood
extractives), but also the components found in technical-grade PCP.

EXPERIMENTAL

A Waters Assoc. (Milford, Mass., U.S.A.) Model 202/401 liquid chromato-
graph equipped with a 5000-p.s.i. pumping system with an ultraviolet detector
(Waters Assoc., Model 202 or 440) and differential refractometer detector (Waters
Assoc., Model R-400) was employed. All chromatograms were made at room tem-
perature and at a constant flow-rate. The pre-packed microparticulate silica gel
column (No. 6504-044) was obtained from Whatman (Clifton, N.J., U.S.A.). All the
solvents used in this study were reagent-grade solvents. Immediately before use, the
solvent was dried by passing through a column of dry, porous activated silica (Davison
grade 35 silica, 12-42 mesh) followed by filtration through a 0.5-um filter. The
operating parameters used in this separation were column: 25cm X 4.6 mm LD.;
flow-rate: 0.54 ml/min; particle size: 10 um (irregular shape).

A 50-ml volume of each of the waste water samples was first acidified with a
solution of 4 N sulfuric acid to a pH of 3-5. Each sample was then extracted with
20 ml of chloroform three separate times. The chloroform extract was dried over
anhydrous sodium sulfate. The chloroform-soluble waste water components were
concentrated to dryness by rotary evaporation without heat. Earlier studies?? had
shown that no loss of pentachlorophenol occurred at this step providing the tem-
perature was kept below 30°. The waste water samples were dissolved in 10 ml of
chloroform and analyzed directly by HPLC. The samples which were found to contain
less than 1 ppm of PCP were repeated using the same procedure, except the starting
volume was 100 ml and the sample used for final HPLC analysis was dissolved in
2 ml of chloroform. All samples were run in duplicate. Three types of water samples
were analyzed: “incoming water” which was the water coming into the plant before
it was used in the treating process, “untreated waste water” which was the water
obtained directly after it had come from the treating cylinder, and “treated waste
water” which had undergone some type of primary treatment. All the samples were
analyzed within 24 h after collection.

RESULTS AND DISCUSSION

A variety of solvent combinations were evaluated in order to separate the
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grade PCP was cyclohexane-acetic acid (98:2, v/v). The type of separation obtained
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analysis, consisted of a complex mixture of polychlorinated compounds, including
octa-, hepta- and hexachlorodibenzo-p-dioxins, as well as a variety ‘of other poly-
ch!ormatedethersandfurans.Themdpeakcontamedammeofproduds
including 2,4,6-trichlorophenol, the third peak was mainly 2,3,4,6-t=trachloroph=nol,
and the fourth peak was PCP.
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conceatrations of PCP using a fixed-wavelength detector (254 nm) (Fig. 2). The
minimum concentration of PCP which can be detected without concentrating the.
sample is 1.0 ppm. For repeated injections of the same sample, the precision (coeffi-
cient of variation) was 1-2%; using a standard solution of PCP.
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Fig. 2. Relationship between peak areas and concentraticn of PCP.
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Results obtained by the HPLC method were compared to a GC-MS pro-
cedure®®, Thesamplsumdmth:sstudywerewatersampl&takenfromwoodmung
plants located throughout the U.S.A. and were part of an Environmental Protection
Agency study. The results of this study are shown in Table I. In general, good agree-
ment was found between the MS and HPLC procedures, except for samples 2, 3 and 6.

A variety of other solvent combinations were found which could also be used
to separate the components in technical-grade pentachlorophenol.Anofthse solvent
systems could be used to sepsrate pentachlorophenol, the major component of
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TABLE QT
PENTACHLOROPHENOL RETENTION TIMES WITH DIFFERENT ELUTING SOLVENTS

Solvents Proportions (%) Retention time (min)

Cyclohexane-acetic acid 98:2 24:5
Cyclohexane-methylene chloride® 5743 9:7
Hexane-methylene chloride® 90:190 177
Hexano-methylene chioride® 0:20 100
Hexane-methylene chloride* §0:40 8:3
Hexane-scetic acid 98:2 2:7
Hexane-ecetic acid 96.7:33 19:2
Hexane-acetic acid 955 12:1
Hexans-chloroform” 98:§ 18:6
Cyclohexane-chloroform 80:20 150

* Contains 174 acetic acid.

technical PCP. Therelahveretenhonhmsof?Cngthsesolvmtsys&ansare
given in Table II. )

In summary, anHPLCproeedurehasbea:developedforseparatmgtheeom—
ponents found in technical-grade PCP. This procedure can also be used for deter-
mining the concentrations from plant cfluents with 2 minimum of sample preparation.

Ecstand, Amer. Wood-Preservers® Ass. Proe., T1 (1975) 225-263. -
ICasanc.A.Bemn,W.LYaug-,k.ands.A.Whhn.An MHJ; A.s.l (IQG)

R.Pﬁmn' mm&rasp..s(ma. : o T sl
, H, Unligit, Forest Prod. J., 18(2) (1968) 45. - - e
J. Caexjesi, Cen. J. Microbiol,, 13 (1967) 1243. . - ) e R

“gl“l"‘

1
2
3
4
S

?Eﬂ



:
- . L . . . R - - - 5 -
P T - - L) . - s P [ - LI .

Cuﬁd.ht.m Budl., 8 (1972) 135. -
Quisilndﬁ. Johnson, Can, J. Microbiol., 18 (1972) 45.
Etzel, J. Water Polixt., Contr. Fed., 45 (1973) 359.

12 M. Crammes and J. Freat, Life Sci., 9, No. 11 (1970) 121.

13 "A. Bevenue, J. Wilson, L. Casareit and H. Klemmer, Bull. Environ. Caumm.Toxfml.,Z(l%D
319.

14D.&W.MERWME&MWMTMT{!O}(EB)M

15 E. Eiscastaedt, J. Org. Chem., 3 (1938) 353,

16 B. G. m. J.W. W, MmmdN.Wﬂhaﬂs,J. Cllmmﬂtdgr., 110 (1975) 3".

17 M. G. Zigler snd W, F. Phillips, Eaviron. Scl. Technol., 1(1) (1967) 65. _

18 A. W. Wolkoff and R. H. Lavose, J. Chromatogr., 99 (1974) 731. -

19 H. J. Hoben, S. A. Ching, L. J. Casarett and R. A. Young, Bull. Enviren. Contam. Toxicol., 15(1)

(1976) 78.

20 C. Rappe and C.-A. Nilsson, J. Chromatogr., 67(!972) 247.

ZIPmadbmphanl. .le-nmbgr Euvmml!'axzcalagy PhnmPt&.New
Yoxk, 1978,

zz:.mc.n.mms.v.mn.mam mptess.





